
When a placebo is not a ‘placebo’: a placebo effect on
postprandial glycaemia

John L. Sievenpiper, Adish Ezatagha, Anamaria Dascalu & Vladimir Vuksan
Risk Factor Modification Centre, St Michael’s Hospital and Department of Nutritional Sciences, Faculty of Medicine, University of
Toronto, Toronto, ON, Canada

What is already known about this subject
• Although placebo effects have been shown on subjective

continuous variables such as pain, placebo effects on
objective continuous variables remain uncertain.

• The present, pilot, follow-up investigation represents the
first to assess a placebo effect on the objective
continuous measurement of acute postprandial plasma
glucose.

What this study adds
• Placebo effects may be operating on postprandial plasma

glucose outcomes.
• Cornstarch sources of placebo may decrease the plasma

glucose response to a 75-g oral glucose tolerance test,
rendering them as positive controls when assessing
postprandial outcomes.

• Other carbohydrate sources used as placebos in research
may show similar effects.
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Aims
Placebo effects in clinical trials remain uncertain. To investigate a placebo effect on
acute postprandial plasma glucose, we conducted a follow-up investigation on a
previous study.

Methods
The effect of placebo (9 g encapsulated cornstarch +500 ml water, taken at -40 min)
on the plasma glucose response to a 75-g oral glucose tolerance test (OGTT) was
assessed in a previous study in 12 healthy subjects (gender, five male, seven female;
age 27 � 6 years; body mass index 24 � 3.4 kg m-2). This was compared with the
effect of a water control (500 ml water taken alone at -40 min) on the same outcome
in the same subjects in a follow-up study.

Results
Cornstarch placebo decreased plasma glucose area under the curve during the 75-g
OGTT by 28% [D (95% confidence interval) -63.3 min mmol-1 l-1 (-218.33, 91.66),
P < 0.02] compared with the water control (P < 0.05).

Conclusions
Postprandial plasma glucose outcomes may be vulnerable to placebo effects.

Introduction
Placebo effects in clinical trials have been debated since
the introduction of the placebo-controlled clinical trial
over half a century ago. The debate was initiated by

Beecher in 1955 with his observation that ~35% of sub-
jects receiving placebo experienced a therapeutic benefit
based on the pooled aggregate of 15 clinical trials [1].
Although this analysis was later determined to be flawed
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[2], placebo effects have remained a focus of investiga-
tion. A recent, rigorously conducted meta-analysis found
that placebo had only a small effect on subjective con-
tinuous variables such as pain. No effect was observed
for objective continuous variables such as blood pres-
sure, cholesterol and weight [3, 4]. It remains unclear
whether there is an effect of placebo on objective con-
tinuous variables.

Acute postprandial plasma glucose may be sensitive
to placebo effects. We recently conducted an acute,
randomized, double-blind, double-placebo-controlled,
multiple-crossover study in 14 healthy subjects, to iden-
tify a source of American ginseng with the greatest effi-
cacy in lowering the postprandial plasma glucose
response to a 75-g oral glucose tolerance test (OGTT).
Consistent with our ginseng testing programme [5], effi-
cacy was assessed as the effect of active treatment com-
pared with the mean effect of placebo administered on
two separate occasions. The mean effect of the two pla-
cebos on the postprandial plasma glucose response to
the 75-g OGTT seemed unusually low. The objective of
the present pilot investigation was to explore this effect
of placebo by comparing it with a follow-up water
control in the same subjects.

Methods
A follow-up, nonrandomized, crossover design was used
in which the results of the original study were compared
with the results of a second study performed in the same
subjects. The study was approved by the St Michael’s
Hospital research ethics board. Twelve [gender, five
male, seven female; age 27 � 6 years; body mass index
(BMI) 24 � 3.4 kg m-2] of the original 14 subjects
agreed and gave informed consent to participate in the
follow-up study. The placebo treatments in the original
study consisted of 9 g of encapsulated ground cornstarch
taken with 500 ml of water. To achieve a more represen-
tative placebo, these placebo treatments were adminis-
tered on two separate occasions with their effects
averaged for comparisons. The water control in the
follow-up study was administered once and consisted of
500 ml water taken alone. The wash-out period between
the two studies was >2 weeks. A 75-g OGTT protocol
was followed in both studies, in which the treatments
were administered 40 min before (-40 min) a 75-g
OGTT and venous blood samples were drawn at -40, 0,
15, 30, 45, 60, 90 and 120 min.

Plasma glucose concentrations were measured by the
St Michael’s core laboratory, by the rate oxygen con-
sumption method [6] using a Synchron LX system with
a Beckham Oxygen electrode. The intra-assay coeffi-
cient of variation (CV) for this method is 2.9% at a mean

glucose concentration of 43.7 � 1.3 mmol l-1 and
0.4% at a mean glucose concentration of 397.1 �
1.7 mmol l-1.

Statistical analyses were performed using NCSS 2000
(NCSS statistical software, Kaysville, UT, USA).
Plasma glucose was expressed as the incremental
change from baseline and the positive incremental area
under the curve (AUC) was calculated [7]. Responses to
the two placebo treatments were averaged. The main
effects of treatment (cornstarch placebo vs. water
control), time (-40, 0, 15, 30, 45, 60, 90 and 120 min)
and their interaction on incremental plasma glucose
were assessed by repeated-measures two-way anova.
Significant interactions of treatment ¥ time on incre-
mental plasma glucose were explored with repeated-
measures one-way anova. This same test also assessed
differences in peak and AUC plasma glucose. Data were
expressed as mean � SEM. Ninety-five percent confi-
dence intervals (95% CI) were provided for differences.

Results
A significant placebo effect was observed. Figure 1
shows the mean effect of the two cornstarch placebos
compared with the water control on the incremental
plasma glucose response to a 75-g OGTT. Repeated-
measures two-way anova applied to these data showed
that the main effect of treatment [D (95% CI)
-0.5 mmol l-1 (-1.54, 0.52), P = 0.0064] (cornstarch
placebo vs. water control), the main effect of time
(P < 0.001) (-40, 0, 15, 30, 45, 60, 90 and 120 min) and
their interaction were significant (P < 0.001). The sig-
nificant interaction between treatment and time was
explored by repeated-measures one-way anova. Incre-
mental plasma glucose at 30, 45 and 60 min during the
75-g OGTT was significantly lower for the mean of the
two cornstarch placebos than for the water control
[D (95% CI) -1.2 mmol l-1 (-3.68, 1.29), -1.1 mmol l-1

(-3.73, 1.60), -1.3 mmol l-1 (-3.95, 1.44), respectively,
P < 0.05]. Peak plasma glucose was also shown to be
lower [7.5 � 0.4 vs. 8.6 � 0.5 mmol l-1, D (95% CI)
-1.1 mmol l-1 (-3.07, 0.80), P = 0.0018]. These changes
were reflected in a 28% decrease in AUC plasma glucose
[D (95% CI) -63.3 min mmol-1 l-1 (-218.33, 91.66),
P < 0.02] during the 75-g OGTT by the two placebos,
compared with the water control.

Discussion
The present follow-up, pilot study indicates that post-
prandial plasma glucose indices may represent objective
continuous variables that are vulnerable to placebo
effects. The mean effect of the two cornstarch placebos
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decreased incremental, peak and AUC plasma glucose
responses to the 75-g OGTT compared with a water
control.

The observed placebo effect may have important
implications for research. The 28% reduction in the
AUC plasma glucose response to the 75-g OGTT by the
mean of the two cornstarch placebos is comparable to
the reductions in the postprandial plasma glucose AUC
reported for oral antihyperglycaemic agents such as the
sulphonylureas, glipizide and glibenclamide (18–22%)
and the nonsulphonylurea repaglinide (26%) [8]. It is
possible that the use of a cornstarch placebo may bias
research comparisons related to acute postprandial data.
Cornstarch placebos may act as positive controls,
leading to a clinically significant underestimation or nul-
lification of the effect of active treatments on postpran-
dial plasma glucose.

There are several explanations for the placebo effect
on plasma glucose. Regression to the mean, subject–
investigator expectations, conditioning, symbolism,

self-perception and investigator care have all been pro-
posed as factors [9]. A metabolic explanation may be
more viable. A ‘second meal’ effect on the plasma
glucose response to carbohydrate has been described,
such that manipulating the glycaemic index of a carbo-
hydrate preload can reduce the glycaemic response to a
second meal [10]. It is possible that the cornstarch acted
as such a preload. This mechanism may apply more
broadly to other carbohydrate sources.

Design limitations must be considered as a source of
variability. The follow-up, nonrandomized design meant
that placebo treatments were received first and the water
control was received second. It is possible that the
placebo effect observed was confounded by a sequence
effect, in which the participants responded higher to the
follow-up 75-g OGTT. This interpretation, however, is
disputed. The opposite directional bias has been noticed,
in which 75-g OGTT outcomes have a tendency to be
lower during subsequent tests [11]. Another possibility
is that the placebo effect is an artefact of the normal
biological variability in the responses to oral glucose,
irrespective of sequence. The high variability of 75-g
OGTT outcome is well established. We have shown pre-
viously that the intrasubject CV of postprandial plasma
glucose following multiple 75-g OGTTs is 7–22% for
individual time points and 20–43% for AUC [12, 13].
This range in variability overlaps with the differences
observed. That being said, a ‘double placebo’ was used
to minimize biological variability, in which subjects
received the same placebo on two different occasions
and the responses to the two treatments were averaged
for comparisons with the water control. The variability
in 75-g OGTT outcome was also accounted for in the
power (1-b) calculations. Post hoc analyses of the
present study showed that the power for differences in
the main effects of treatment (cornstarch placebo vs.
water control), time (-40, 0, 15, 30, 45, 60, 90 and
120 min) and their interaction was 86%, 99% and 100%,
respectively.

Timing effects on placebo must also be considered. In
the present study, placebo was administered at -40 min
relative to the 75-g OGTT. Second meal effects,
however, have been shown for administration times up to
5 h before the second meal [14]. The implication is that
these data may apply more broadly to administration
times from -40 min to -300 min relative to the 75-g
OGTT. Nevertheless, caution should be exercised when
extrapolating these findings to different timing sched-
ules, as timing interactions have been identified in other
studies investigating placebo effects [15]. In this regard,
these data apply only to a cornstarch placebo adminis-
tered at -40 min relative to a 75-g OGTT.
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Figure 1
Effect of placebo on postprandial plasma glucose to a 75-g oral glucose

tolerance test (OGTT). The line plots and bars represent the plasma

glucose incremental change and area under the curve (AUC) for the

mean of two placebo treatments (9 g cornstarch with 500 ml water; �)

performed on separate occasions or one water control (500 ml water

alone; �) each taken 40 min before a 75-g OGTT (-40 min) in

12 healthy normoglycaemic subjects (gender, five male, seven female;

age 27 � 6 years; body mass index 24 � 3.4 kg m-2). P-values reported

in the base of the plot area are for the main effects of treatment, time

and their interaction by repeated-measures two-way anova. The

significant interaction of treatment ¥ time was explored with

repeated-measures one-way anova at each level of time.

*Points or bars are significantly different from water control (P � 0.05,

repeated-measures one-way anova). Data are mean � SEM
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In conclusion, cornstarch sources of placebo admin-
istered at -40 min may decrease the plasma glucose
response to a 75-g OGTT. This may have the undesired
effect of rendering them as positive controls when
assessing postprandial outcomes. If the mechanism of
action on postprandial carbohydrate metabolism is
mediated by a ‘second meal’ effect, then other carbohy-
drate sources and times of administration used for
placebo may show similar effects. To address this pos-
sibility, the reproducibility of these pilot findings needs
to be verified using better designed, randomized studies
with adequate power calculations and repeated controls
to mitigate confounding by the biological variability in
postprandial plasma glucose. Comparisons should be
made across different carbohydrate sources of placebo
such as cornstarch, lactose, glucose, lactulose and wheat
bran and times of administration ranging from -300 min
to 0 min before the 75-g OGTT.
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